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ABSTRACT OF THESIS

Bacteremia Associated with Early Childhood Caries

Eddie Chang

Master of Science, Graduate Program in Pediatric Dentistry
Loma Linda University, December 2001
Dr. John Peterson, Chairperson

Previous research has investigated the post-operative bacteria levels
caused by a variety of clinical procedures such as anesthetic injections, standard

dental procedures, endodontic treatment, periodontal surgery, root scaling, and
oral surgical procedures in children. Other studies have suggested that
bacteremias are often caused by oral infections. Although numerous studies have
examined how oral infections lead to various medical conditions (i.e. brain

abscess) none have studied the potential for pre-operative bacteremia that may

arise in conjunction with early childhood caries(ECC). The purpose of this study
was to compare potential systemic facultative and anaerobic bacteria found in
otherwise healthy children who had type III early childhood caries to children
who were caries free.
METHODS AND MATTERIALS

Twenty patients diagnosed with severe ECC and presenting for a complete
oral-dental rehabilitation at Loma Linda University Surgery Center for Dentistry
were selected as subjects for this study. After obtaining informed consent from
each patient, 5ml of blood was drawn from the patient immediately after the
intravenous line had been initiated. The blood was analyzed for bacteria levels by

a clinical laboratory using an automated Bactec® blood culturing system. The
results were to be compared with a control group that was composed of healthy
patients and did not have ECC,however, due to ethical issues raised by the
Universities Institutional Review Board a control group was not included in this

study. Instead, data from the literature similar to the control group was used.
This is discussed in detail in the methods and materials of the thesis.
RESULTS

One subject(5%)was identified as having Staphylococcus saprophyticus.
No bacteremias were cultured from the remaining nineteen subjects. Thus 95% of
the experimental group demonstrated no bacteremia.
CONCEUSIONS

Nineteen out of twenty children in the experimental group (95%)showed
no evidence of preoperative bacteremia. One out of twenty children in the
experimental group(5%)showed a bacteremia identified as Staphylococcus

saprophyticus, a common skin contaminant. There was no statistically significant
difference between the experimental and control group. Further research is

indicated on children being treated for ECC to determine the specific procedures
that initiate bacteremia.

INTRODUCTION

Early childhood caries(ECC), previously called "nursing bottle decay," is
characteristic of a specific pattern of caries involving the primary dentition. It has

been usually found to be associated with prolonged or inappropriate use of the
nursing bottle and, at times, with breast-feeding. It is known that children with
ECC have increased Streptococcus mutans counts (Duperon 1997, Kam et al
1998, Mohan et al 1998, Slavkin 1999, Tinanoff 1998, and Wyne 1999). In

eombination with these elevated levels of Streptococcus mutans and frequent
cariogenic substrate intake, there is a lowered plaque pH, which demineralizes the
teeth. When left untreated these carious lesions may involve the pulp and

subsequently to an oral-dental infection. Numerous studies have examined how
oral infections contribute to bacteremia during and after dental treatment(Roberts
et al 1976, 1997,1998, and 2000). Other studies investigated how oral-dental
infections cause medical conditions i.e., brain abscesses(Li et al 1999) and

bacterial endocarditis (Kraut et al 1976). Nevertheless, none have studied the

potential for bacteremia that may arise in conjunction with early childhood caries
(ECC). This study was designed to determine whether children with ECC have a
spontaneous and preoperative bacteremia when compared to control children with
no known source of bacterial infection. The purpose of this study is to identify

any systemic facultative and anaerobie bacteria found in otherwise healthy
children who have ECC with children who are caries free, and who have no other
known source of infection.

LITERATURE REVIEW

Previous research has investigated the post-operative bacteria levels in
children caused by a variety of clinical procedures such as anesthetic injections,
standard dental procedures, endodontic treatment, periodontal surgery, root

scaling, and oral surgical procedures. Many studies have suggested that
bacteremias are often caused by oral-dental infections. For example, Li et al
(1999) reviewed oral-dental infections that caused brain abscesses. They
described three mechanisms linking oral infections to secondary systemic effects:
"1)metastatic spread of infection from the oral cavity as a result of transient

bacteremia, 2) metastatic injury from the effects of circulating oral microbial
toxins, and 3) metastatic inflammation caused by immunological injury induced
by oral microorganisms." The most common microorganisms reported in brain
abscesses are streptococci(60%),Bacteroides spp.(30%), enterobacteria(35%),
Staphylococcus aureus(12%), fungi(12%), and protozoa or helminths(<1%).
They report that a common source of brain microbial abscesses is dental
infections, but lung abscesses, abdominal or pelvic infections, osteomyelitis, and
occasionally endocarditis have also been implicated as an alternative source of
brain abscesses. Morgan et al(1973)studied 88 patients with brain abscesses and
found one patient with a brain abscess associated with odontogenic infection.

Brewer et al(1975)reported that out of60 cases of brain abscesses, four cases
were associated with dental infections or procedures.

Roberts et al(1998) are one of many groups of authors that studied
bacteremia from oral surgical procedures. Their study estimated the prevalence.

intensity, and nature of bacteremia in children following oral surgical procedures.
Bacteremia levels were measured and compared to different categories of
extraction, such as single, multiple, or mucoperiosteal flap extractions. They

found that bacteremias of dental origin occurred following all minor oral surgical
procedures and that multiple extraction procedures were found to cause an even
greater proportion of positive blood cultures.
Okabe et al (1995), in a similar study, found that the level of bacteria
increased with the number of teeth extracted. In addition, they found that surgical

procedures that had prolonged bleeding were associated with higher bacteremia
levels. Baltch et al (1988), Elliot et al (1968), Lockhart(1996), and Peterson et al
(1976) have also done similar investigations on bacteremias during and preceding
dental extractions.

GJ Roberts et al(2000) investigated the bacteremia levels associated with
the following dento-gingival manipulative procedures: 1) placement of rubber
dam,2)tooth preparation with a high-speed bur, 3)use of the slow speed bur, and
4)placement of a matrix band and wedge. Under general anesthesia, blood was
drawn 30 seconds after each procedure and it was found that a simple dental
restoration could lead to a bacteremia comparable to that from dental extractions.
The results of this study showed that the placement of a rubber dam or a matrix

band and wedge caused statistically significantly greater bacteremia than the use
of either the fast or slow dental drills.

Although numerous studies have examined how oral infections and oral
procedures lead to other medical conditions and bacteremias, none have studied

the potential for bacteremia that may arise in conjunction with early childhood
caries(ECC)and prior to operative procedures. ECC was previously referred to
as "nursing bottle mouth,""nursing caries," or "baby bottle tooth decay." In
1994, the Centers for Disease Control and Prevention recommended the use of a

less specific term "early childhood caries" which was defined as an infectious
disease initially affecting the primary incisors of infants and young children and
that is frequently associated with inappropriate feeding practices.
Duperon (1995)reported that ECC resulted from prolonged bottle and
breast-feeding or a sweetened pacifier and was most frequently associated with
night feeding practices. He stated that the causative factors of ECC included early
Streptococcus mutans infection, sources of sugar or other fermentable
carbohydrates, bottle-propping, night feedings, and other factors including poor

salivary buffering capacity and slow food clearance time. Duperon (1995), Kam
et al (1998), Mohan et al(1998), Slavkin (1999), Tinanoff et al(1997), Wyne

(1999), and others have all reported that the bacteria that most frequently causes
ECC is Streptococcus mutans and that it is found to be present in the mouth as

early as 6 months of age. Powell(1997)reported 86% of children with caries of
the maxillary anterior incisors were found to have taken a bottle to bed. Serwint
et al(1993)found 90% of children in a population with and without caries were

bottle-fed between 12 and 18 months of age and that the prevalence of nursing
caries was 20%. "A national oral health survey, conducted in 1996, found that 39

percent of children aged 2 through 9 years had caries in their primary teeth'

(Slavkin, 1999). "The prevalence of caries in preschool Head Start may be as
high as 90 percent in some subpopulations"(Slavkin, 1999).
According to Wyne (1999), there are three degrees/types of ECC: type 1,
type II, and type III. Type I ECC, mild to moderate, is seen in children between
ages 2-5 years and is evidenced by isolated carious lesions involving molars
and/or incisors. Type II ECC, moderate to severe, is found in children between
ages 2-5 years and is seen clinically as labiolingual caries on maxillary incisors,
with or without molar caries and unaffected mandibular incisors. Type III ECC,

severe, is also seen in children 2-5 years but is predominately in children at ages
3-5 years. It is similar to type II but additionally involves the mandibular incisors.
The purpose of this study is to compare the incidence of pre-operative bacteremia
found in children with type III ECC to similar children who are caries free. The

null hypothesis was that children with ECC exhibit higher levels of bacteremia
than children without ECC. In addition, this study may raise the level of

awareness by other medical professionals on whether serious medical problems
may originate from ECC.

MATERIALS AND METHODS

The experimental group consists of twenty children between 2-5 years of
age. They were all patients at the Loma Linda University Surgery Center for

Dentistry. Written consents, approved by Loma Linda University's Institutional
Review Board (IRB), were obtained from the parents. The exclusion criteria

included the following: 1) past dental treatment, 2)antibiotic use within the past
30 days, 3)known viral infection with in the past thirty days, and 4)hemorrhagic
disorders. The inclusion criteria included the following: 1) patients between ages

2-5 years with type III ECU,2)clinical evidence of one or more abscesses that
were either draining or not draining, and 3)children who were medically healthy
or with a medical disorder that did not require antibiotic prophylaxis, for example,

asthma. All experimental group children involved in this study were referred to
the Surgery Center for Dentistry for dental treatment under general anesthesia due
to lack of patient behavioral compliance and complexity of dental treatment.
PROCEDURES

Pilot Studv

A pilot calibration study was done with blood from two adult
investigators. After location of an intravenous site, a tourniquet was placed.

Following skin preparation with alcohol and iodine solution, a 20- or 22-gauge
intravenous cannula was inserted into a vein in the antecubital fossa. A 10ml

syringe was attached to the catheter and 10ml of blood was withdrawn. With
each sample drawn, 2.5ml of blood was placed into two anaerobic and two
aerobic nutrient broth medium containing an anticoagulant(Bactec Plus

•'

Figure 1. Type III ECC with multiple abscesses of dental origin
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Figure 2. Type III ECC with multiple abscesses of dental origin
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Figure 3. Type III ECC with multiple abscesses of dental origin with open bite
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Figure 4. Maxillary occlusal radiograph of Type III ECC with multiple abscesses of dental origin

Figure 5. Mandibular occlusal radiograph of Type III ECC with multiple abscesses of dental origin

Anaerobic/F and Bactec Peds Plus F bottles Becton Dickenson and Co, Sparks,

MD). One anaerobic and aerobic sample served as control and the other
anaerobic and aerobic samples were inoculated with a known microorganism to
determine if they could be retrieved and identified. Sample 1 was labeled 1A and
IB, which served as the control group, and 2A and 2B was the experimental
group. The "A" bottles were the anaerobic bottles and the "B" bottles were the
aerobic bottles. The 2A bottle was inoculated with Staphylococcus epidermidis

and 2B with Streptococcus mitis. Sample 2 was labeled 3A and 3B, which served
as the control group, and 4A and 4B was the experimental group. The 4A bottle
was inoculated with Neisseria catarrhalis and 4B with a corynebaeteria species.
All samples were to be retrieved after incubation for 3-7 days at 35-37 degrees

Celsius, using the Bactec® automated blood culture system at the Loma Linda
University's clinical laboratory. This system is routinely maintained and all
quality control measures were current and approved for clinical diagnostic
isolation and identification of bacteremia from blood. Growth in a blood culture

bottle was indicated by the automated system. A sample was plated on 5% sheep
blood agar plates and gram stained. Identification was done using appropriate
rapid identification systems.
Experimental Group

Eighteen children in the experimental group were anesthetized prior to

starting the IV with the inhalation of oxygen, nitrous oxide, and sevoflurane. The
remaining two subjects were induced by intramuscular ketamine injection. After
location of an IV site, a tourniquet was placed. Following skin preparation with

alcohol and iodine solution, a 20- or 22-guage intravenous cannula was inserted
into a vein in the antecubital fossa, posterior area ofthe hand, or foot. A 6cc

syringe was attached to the catheter and 5ml of blood was drawn. Immediately

following the removal of the syringe, the intravenous fluid attachment was placed
and the medication for general anesthesia was administered per standard
procedures. The blood sample drawn was then divided equally into the anaerobic
and aerobic nutrient broth medium containing an anticoagulant(2.5ml in Bactec
Plus Anaerobic/F and 2.5ml in Bactec Feds Plus F bottles). The bottle's tops

were decontaminated with alcohol prior to blood inoculation (the order of
inoculation ofthe medium bottles was anaerobic medium first, and then aerobic

medium). The samples were then sent to Loma Linda University Medical Center

Microbiology Laboratory for incubation and analysis.
The experimental blood samples were incubated up to 7 days at 35-37

degrees Celsius with daily observation because bacteria can grow any where from
1-7 days. If no bacteria grew after 7 days then it was determined that there was
no bacteria growth. The bacteria, if any, were identified utilizing the following

tests: gram stain, catalase, microdose catalase, staphylococcus aureus, hemolytic,
novobiosin resistance, nitrate, VP,and white pigment. Streptococci were

identified using the API Strep 20 test and anaerobic bacteria were to be identified
using the API Anaerobe strip test.
Control Group

The control group was based upon a review of the literature regarding
presence of bacteremia in healthy children. When the protocol for this study was

first designed the control group consisted of a matched group of children who had
the same inclusionary/exclusionary criteria except without the presence of ECC.
However, when the University Institutional Review Board(IRB)reviewed the

protocol, it asked if it was possible to document the blood/bacteria condition of
healthy children from the literature. The IRB objective to drawing blood from a
group of young healthy children for the sole purpose of control when in fact there
was no medical benefit for these children. As a result of this IRB review, and

evidence from the literature that showed that healthy children do not have

statistically significant preoperative bacteremia, this study chose to accept this
somewhat unorthodox type of control group (see Appendix III for the

commentary on this issue from the IRB). Roberts et al(1997), Roberts et al
(1998), Roberts et al(2000) measured the baseline levels of bacteremia in
children and their data will be used as the control group for this investigation.
Roberts et al(1997)investigated 735 children, mean age of9 years 3

months(383 males, 352 females)for bacteremia following common dental
procedures. Common dental procedures they include are the following: dental
examination, tooth brushing, polishing, scaling, intraligamental injections,
nasotracheal tube, rubber dam placement, slow drill, fast drill, matrix band

placement, single extraction, multiple extractions, mucoperiosteal flap, and
cardiac patients. Baseline blood was drawn on 53 children after anesthesia had
been induced but before any dental procedure was initiated. Five out of 53(9.4%)

children were positive for bacteria but they were ruled as being background
bacteria. No identification was given for the background bacteria.

Roberts et al(1998)investigated 207 children, mean age of8 years 5
months, for bacteremia following oral surgical procedures. Oral surgical
procedures included the following: single extraction, multiple extraction, and
mucoperiosteal flaps. Baseline blood was drawn on 53 children after anesthesia
had been induced but before any dental procedure was initiated. Five out of 53
(11%)children were positive for bacteria but they were also ruled as being
background bacteria. Background bacteria were identified as being 4 coagulase
negative staphylococci (aerobic) and one Streptococcus oralis (aerobic).

Roberts et al(2000)investigated 257 children, mean age of9 years 1
month (141 males, 116 females), for bacteremia following conservative dental

procedures. Conservative dental procedures include the following: placement of
rubber dam, use of high speed drill, use of slow speed drill, and placement of
matrix band and wedge. Baseline blood was drawn on 54 children after
anesthesia had been induced but before any dental procedure was initiated. Five
out of 54(9.3%)children were positive for bacteria but they were again ruled as
being background bacteria. Background bacteria were identified as being 4
coagulase negative staphylococci (aerobic) and one Streptococcus oralis
(aerobic). The following authors have also investigated post-operative bacteremia
associated with dental extractions and report that no preoperative bacteria were
evidenced: Baltch et al(1998), Elliot et al (1968), Lockhart(1996), Okabe
(1995), and Peterson et al(1976).

RESULTS

Two adult pilot study subjects were used; subject 1 and subject 2(Table

1, 2). Each subject's blood was divided into four samples and labeled as follows:
subject 1 (samples lA, IB,2A,and 2B); and subject 2(samples 3A,3B,4A, and
4B). Sample lA, IB,3A, and 3B were analyzed for any pre-existing bacteria. No
bacteria were found in samples lA, IB, 3A, and 3B, as expected. Sample 2A,2B,
4A, and 4B were inoculated with known bacteria and analyzed. All samples

inoculated with bacteria were retrieved with the exception of neisseria. The

sample inoculated with neisseria was not retrieved because neisseria is not
expected to grow anaerobically. Sample 2A anaerobic was inoculated with
Staphylococcus epidermis, 2B aerobic with Streptococcus mitis, 4A anaerobic
with corynebacterium, and 4B aerobic with neisseria. All sample bacteria were
retrieved when expected and the neiseria organism did not grow in the anaerobic
bottle, as expected.
Table 1. Summary of Pilot Study
Sample

Culture

Inoculation

Identification

2A

Anaerobic

Staphylococcus

Retrieved

2B

Aerobic

Streptococcus

Retrieved

4A

Anaerobic

Neisseria *

Not retrieved

4B

Aerobic

Corynebacterium

Retrieved

■ Neisseria - not expected to grow anaerobically. It is a facultative aerobe.

Table 2. Summary of Pilot Study without inoculation
Sample

Culture

Bacteria

lA

Anaerobic

None

IB

Aerobic

None

3A

Anaerobic

None

3B

Aerobic

None

Experimental Group

There were 7 males and 13 females in the experimental group and the age

of this group ranged from 2-5 years with a mean age of 3.5 and a standard
deviation of 1.0. The average age offemales was 3.7 with a standard deviation of
1.1 and for males the average age was 3.1 with a standard deviation of 0.7. After
incubation of the blood cultures for 7 days at 35-37 degrees Celsius, all were

found to be negative except for experimental subject #3(Table 3). All samples

were given standard inhalation procedures for sedation prior to the start of the IV
except for sample #8 and #16. Sample #8 and #16 were given intramuscular
ketamine injection in the deltoid area due to the failure to cooperate for the
inhalation procedure. The positive culture for subject #3 was isolated and
narrowed to be Staphylococcus saprophyticus. Subject #3 did not receive
intramuscular ketamine for induction of anesthesia (Table 4). Initially, a Staph-

Ident test identified the bacteria to be either Staphylococcus saprophyticus or

Staphylococcus hominis GLLS. Secondly, an API Staph test was done and a
92.8% positive identification of Staphylococcus saprophyticus was determined.
Lastly, an ID32 Staph test was performed with a 99.9% identification of

Staphylococci saprophyticus. The isolated mieroorganism, Staphylococcus
saprophyticus, is routinely found on the skin and thus suspected to represent a
skin contaminant, rather than a bacteremic organism of oral-dental origin.
Table 3. Summary of Microbiological Findings

vi

Age Sex intramuscular Organism Isolated
Ketamine

—

Aerobic
1

3

F

2

3

F

3

3

M

4

4

M

5

3

M

6

5

F

7

4

F

8

5

F

9

2

F

10

2

M

11

5

F

12

4

F

13

4

F

14

3

M

15

3

F

16

4

M

17

3

M

18

2

F

19

5

F

20

3

F

——

Anaerobic

S. sapro

Deltoid

Deltoid

n = patient nu mber
Inclusion and exclusionary criteria were all met by all subjects

** Intramuscular ketamine injection placed on deltoid for initial sedation (inhalation for others)

STATISTICAL ANALYSIS

No comparisons could be done with the results ofthe experimental group
to the literature control group due to the absence of a bacteremia in the remaining

95% of the experimental group. Therefore, there was no statistical significant
difference between bacteremia levels in children with ECC and the control group.

Table 4. Summary of Positive Culture identification
Isolate

Gram stain = Gram positive cocci
Catalase positive, Microdose coagulase negative, Staph aureus
coagulase negative
Non-hemolytic
Novobiocin resistance; resistant with 5mg novobiocin disk(no
zone of

inhibition)

Nitrate negative, VP positive, white pigment

Staph - Ident

2400

= Staphylococcus saprophyticus/Staphylococcus

hominis GLLS

API Staph

6630152 = Staphylococcus saprophyticus 92.8%

ID32 Staph

16636071 = Staphylococcus saprophyticus 99.9%

DISCUSSION

The results ofthis study suggest that there does not appear to be a direct
correlation between detectable levels of bacteremia and pre-operative Early

Childhood Caries(ECC). The null hypothesis stated that patients with ECC type
III would most likely produce a pre-operative bacteremia. Since the ECC type III
patients in this study also had an abscess with a fistula, there existed a greater

possibility that a bacteremia would exist. Nevertheless, no bacteremias were
evident in 95% ofthe experimental group. Bacteremia was not evident because

of one or both ofthe following possible reasons: 1) patients' immune system and
medical health were within normal limits therefore the child's own immune

system produced sufficient antibodies to reduce the bacteria present in the abscess

and prevent a bacteremia, 2)patient samples were drawn prior to initiation of
dental procedures therefore the bacteria in the abscess did not infiltrate the venous
circulatory system to cause a bacteremia.

Some studies have shown a significant correlation between bacteremia and
dental treatment. However, the results of these former studies did not investigate

the presence of bacteria prior to dental procedure. These studies focused on
bacteremia found during and after a series of dental procedures. Another possible

explanation likely may have been the fact that in this study, the oral tissue barrier

was not broached prior to blood collection and did not allow introduction of
bacteria into the bloodstream.

The one positive sample, Staphylococcus saprophyticus, was most likely a
skin contaminant and was not determined to be a clinically significant finding. In

subsequent studies, it may be advisable to dispose of the first 0.5ml of blood to
decrease the possibility of bacterial contamination from the skin..
Another area for improvement in future studies would be to increase the
number of patients. Only the minimum number of patients to provide statistically

significant data was allowed and approved by the Universities Institutional
Review Board. Another limitation of the study may be the selected patient

population. Various geographical and socio-economic considerations should be
evaluated for inclusion or exclusion in future studies.

According to many studies, tooth brushing alone can cause a bacteremia.

(Lockhart, 1996; Erverdi et al, 1999; McLaughlin et al, 1996) Therefore, an
interesting follow-up study would be to investigate the bacteremia levels of

patients with ECC type 111 (abscess either draining or not draining) while tooth
brushing and compare these results to those with tooth brushing alone(non-ECC
type 111 patients). Likewise, additional studies where blood was obtained and
analyzed pre-operatively, during the surgical procedure and immediately postoperatively, on the same patient would provide interesting information.

CONCLUSION

1. Nineteen out of twenty children in the experimental group(95%)showed no
evidence of preoperative bacteremia.

2. One out of twenty children in the experimental group(5%)showed a
bacteremia identified as Staphylococcus saprophyticus.

3. There was no statistically significant difference between the experimental and
control group.

4. Further research is indicated on children being treated for ECC to determine
the specific procedures that initiate bacteremia.
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